ABSTRACT: The black bear Ursus americanus is one of the largest terrestrial carnivores that has a wide distribution in northeastern Mexico, the only country in which black bears are listed as endangered. We used 10 nuclear microsatellite loci to evaluate black bear genetic variability in 6 disjointed populations from northeastern Mexico. Non-invasive genetic techniques were applied to fecal and hair samples. Using a panel of 10 polymorphic microsatellites we identified 64 individuals. Black bears showed low to moderate levels of genetic diversity in all sampled populations (mean ± SD expected heterozygosity, H e = 0.63 ± 0.628). Pairwise comparisons between all 6 populations (φ ST = 0.315, p < 0.05) detected significant genetic differentiation between the western Coahuila and the northeastern Nuevo León regions, suggesting that black bears have low levels of gene flow between these 2 regions. Microsatellites revealed significant structure within the complex of disjoint areas in the region. The inbreeding coefficient was also significant (φ IS = 0.143). The largest proportion of genetic variation (82.7%) was found between individuals within populations. Distance and anthropogenic activities may serve to limit gene exchange among populations which form at least 3 distinct genetic clusters; these may respond differently to environmental changes and should be considered distinct management units.
INTRODUCTION
Factors influencing the genetic structure of species are important for understanding how populations change over time and for predicting how such changes affect evolutionary processes. Several studies on the genetic structure of vertebrates have provided indications of the possible effects of natural and artificial dispersal on subpopulations of a particular species (Friesen et al. 2006 , Small et al. 2006 , McDevitt et al. 2013 . Other studies have shown the importance of habitat fragmentation and heterogeneity and the effects of genetic drift of subpopulations as a consequence of restricted dispersal (Bergl & Vigilant 2007 , Heller et al. 2010 . A number of analyses have shown low to medium values of genetic diversity among populations of large mammals resulting from low densities throughout the species' respective ranges and despite the high dispersal rates of some individuals (Lawson Handley & Perrin 2007 , Archie et al. 2008 .
Black bears Ursus americanus are present in all Canadian provinces, in almost all of the USA except for the arid areas of the southwest, and also in the Sierra Madre Occidental and Sierra Madre Oriental of Mexico (Larivière 2001) . In Mexico, black bears primarily inhabit sparsely populated forest areas above 2000 m in the northeast and northwest ranges of both Sierras Madre. Mexico is the only country where black bears are listed as endangered (Ceballos et al. 2002) because they have been severely affected by adverse factors such as habitat loss due to anthropomorphic activities, climate change, poaching, and illegal trade (Sierra Corona et al. 2005) . Black bear populations inhabiting these high-elevation woodlands are often separated by the more inhospitable desert and grassland habitats in the lowlands (Varas-Nelson 2010) . However, as the available habitat on mountain tops has become smaller and more fragmented, black bears are occasionally forced to attempt to move through the desert lowland to reach woodlands in neighboring mountains areas (LeCount & Yarchin 1990) . These lowland areas have also been highly impacted by anthropogenic disturbances and barriers due to industrial and agricultural development, which has affected the ability of individuals to disperse to nearby mountains (Varas-Nelson 2010) . The current status of the black bear population in the southeastern highlands of Coahuila and Nuevo León, Mexico, is poorly understood due to the scarcity of records in scientific collections and the lack of reliable data from observations of individual animals. On the other hand, the black bear populations in western Coahuila appear to be healthy and stable as a result of conservation management in the protected areas and well-preserved suitable habitats (Doan-Crider & Hellgren 1996) .
Here we used non-invasive sampling coupled with molecular neutral markers to assess the genetic diversity and genetic structure of black bear populations in northeastern Mexico. Our particular objectives were to assess the levels of genetic diversity of black bear populations and compare our results with nearby populations in the southeastern USA. We tested the hypothesis that black bear populations from western Coahuila have lower levels of genetic differentiation and higher levels of gene flow with populations of western Texas (USA) than with populations from the southeastern highlands of Coahuila and Nuevo León. We predicted that black bears from western Coahuila are more likely to disperse long distances along high-elevation woodland habitats in the same mountain range than to cross shorter geographic distances through inhospitable desert habitat between the eastern and western Coahuila highlands. We also evaluated the levels of genetic diversity and subdivision between highly impacted populations in the western highlands of Coahuila and Nuevo León compared to the less impacted populations of northeastern Coahuila.
MATERIALS AND METHODS

Study area
We sampled an area that encompassed most of the known current distributional range of the black bear Ursus americanus in northeastern Mexico (Fig. 1) . The 6 sampling sites were located in the southeastern highlands of the states of Coahuila and Nuevo León, and also in the northeastern part of Coahuila (Sierra del Burro and Sierra del Carmen). Overall, the habitat in the desert areas is characterized by abundant xero- (Muldavin 2002) . These areas are considered unsuitable habitat for black bear populations (Onorato et al. 2007 ). The northeastern part of Coahuila consists principally of an elevated limestone plateau that is an extension of the northern Chisos Mountains in Big Bend National Park of Texas. The 2 mountain areas are part of the same system of uplifts, but they are separated by the Rio Grande valley and are composed of different types of rock (Miller 1955) . Both sampling sites are located in the Chihuahuan Desert and are within the protected areas of the Maderas del Carmen Biosphere Reserve, which include several private properties and communal agricultural lands ('ejidos'). Even though this is a protected area with suitable habitat and with abundant food resources for black bears, the illegal extraction of stony material and xeric/timber products, hunting, and grazing continue to pose problems (Onorato et al. 2007) .
The southeastern part of Coahuila and Nuevo León is located in the northeastern mountain range of the Sierra Madre Oriental. Our sampling sites were located at some of the highest points in the mountain ranges (Picachos and Santa Catarina), where pine−oak is the predominant vegetation. Land use around these sites includes livestock production, wildlife-based recreation, grazing areas, and heavily populated/industrial zones (i.e. the urban areas of Monterrey and Saltillo).
Sample collection
Because direct sighting of, and sampling from, wild black bears is very difficult, we used non-invasive fecal and hair sampling as a source of DNA. Our sampling was designed to obtain fecal and hair samples from as many different individuals as possible in the area in an effort to maximize complete sampling of the populations in the different areas so as to assess levels of genetic diversity and structure. Between 2008 and 2012, we surveyed transects throughout the 6 different locations, walking a maximum distance of 10 km, searching for fecal material and placing 10 baited barbed wire hair traps at intervals of 1 km (Woods et al. 1999) . Transects were surveyed during dry field seasons (February to May) in the early morning to avoid negative effects of the weather on the feces (Hájková et al. 2006 ). In the dry season of each of the 5 years of the study period we checked for scats and set hair snags. Fresh fecal samples were placed in Falcon tubes with silica gel and transported to the laboratory for analysis. Black bears are the only large carnivore present in the area and therefore we did not need to identify fecal samples to species using a genetic marker because visual identification and size of feces were conclusive for species identification. We collected hair samples mainly from wire hair traps, but we also looked for evidence of hair on fences with evident signs of scratching posts. We used hair traps only once in each site during the 5 yr period because of the higher cost and time effort required to maintain and sample them. We assumed that every clump of hair collected in each wire trap belonged to a single individual because traps were carefully monitored and checked daily during the sampling period.
Laboratory procedure
Whole genomic DNA was extracted from fecal samples using the QIAamp DNA Stool Mini Kit and from tissue using the DNeasy Tissue and Blood Kit (Qiagen) in a separate room from PCR products (Eggert et al. 2005) . For each hair trap, 5 to 10 hairs with evident roots were incubated overnight with Proteinase K. We extracted hair DNA by applying the universal salt-extraction protocol (Aljanabi & Martínez 1997) . We optimized DNA amplification following the standard protocol suggested by Lampa et al. (2008) . Quality of DNA was assessed by electrophoresis on 1% agarose gels in combination with molecular weight standards.
Ten nuclear microsatellite loci specifically designed for U. americanus (UamA2, UamA107, UamB8, UamB103, UamB125, UamD11, UamD102, UamD103, UamD113, UamD116, Meredith et al. 2009 ), were amplified via PCR in a 20 µl reaction volume using approximately 10 ng µl −1 of target DNA (fecal/hair), 1× buffer, 0.4 mM dNTPs, 0.8 µM forward primer labeled with FAM fluorescence (Invitrogen), 0.8 µM reverse primer (Invitrogen), 2 to 3.75 mM MgCl 2 , and 2 U µl −1 of Taq DNA polymerase (Promega). We used an Applied Biosystems 2720 Thermal Cycler under the following conditions: 94°C for 180 s, followed by 35 cycles at 94°C for 60 s, annealing temperature (as reported by Meredith et al. 2009 for each primer) for 30 s, and 72°C for 30 s; followed by 240 s at 72°C and a final step of 4°C. PCR products were confirmed by electrophoresis in 1.5% agarose gels stained with ethidium bromide using a 100 bp ladder and a negative control. The products were dried (SpeedVac REC10.10.-RCT0; Jouan) and genotyped on an ABI Prism 3100 sequencer (Applied Biosystems).
We carried out all of the pre-PCR procedures in sterile conditions in a separate room using aerosol barrier tips to minimize cross-contamination. Negative controls were included in all extractions and PCR to detect the presence of any exogenous DNA or reagent contamination. To account for error rates such as false alleles (FAs) and allelic dropout (ADO), we followed a modified multi-tube approach of Taberlet et al. (1996) and repeated each PCR 3 times for microsatellite analysis. In order to obtain a final score, we used the most parsimonious score based on the consensus of the 3 scores. We scored homozygotes only when the same allele was detected 3 times and heterozygotes when the same 2 alleles were detected in 2 runs, even if the third run only detected 1 of the 2 alleles. We only included samples that had genotypes that amplified 3 times for all 10 loci.
Data analyses
The number of alleles (NA), expected heterozygosity (H e ), and observed heterozygosity (H o ) per locus per population was estimated according to Nei (1987) , as implemented in the programs GENEPOP v. 4.0 (Raymond & Rousset 1995) and ARLEQUIN v. 3.0 (Excoffier et al. 1992) . We estimated allelic richness and private allele richness with correction for sample size through rarefaction using the software HP-RARE (Kalinowski 2005) . We performed an exact test for Hardy-Weinberg equilibrium (HWE) per locus using a Markov Chain Monte Carlo (MCMC) procedure with 10 000 dememorization steps, and estimated deviations from HWE for each population through the inbreeding coefficient F IS (Weir & Cockerham 1984) , as well as linkage disequilibrium using the program GENEPOP v. 4.0 (Raymond & Rousset 1995) , with Bonferroni correction (Rice 1989 ) applied for multiple comparisons. HWE states that allele and genotype frequencies will remain constant among generations in the absence of evolutionary forces.
Because HWE predicts equilibrium genotype proportions, F IS accounts for the deviation from this equilibrium in terms of inbreeding influence. We used MICROCHECKER v. 2.2.3 (Brookfield 1996 , Van Oosterhout et al. 2004 ) to detect loci containing errors due to scoring or stuttering. We calculated the cumulative P ID (probability of identity) and P ID-sibs (identity for sibling or probability of identity among siblings) value (Waits et al. 2001 ) using GEMINI (Valière et al. 2002) . Cumulative P ID values provide a measure of the power of our panel of selected markers to distinguish individuals.
Pairwise R ST (Holsinger & Weir 2009 ) was estimated using ARLEQUIN v. 3.0 (Excoffier et al. 2005) with the default values provided by the program and 100 iterations to obtain significance values. The R ST model was used for our microsatellite data because its mathematical procedure assumes the stepwise mutation process that is a better parameter in microsatellite loci differentiation (Hardy et al. 2003) . Isolation by distance was tested through a Mantel test using 2000 permutations with the program FSTAT v. 2.9.3 (Goudet 2001) , using the multiple regressions and the linear geographic distances between populations.
We used analysis of molecular variance (AMOVA) in ARLEQUIN v. 3.0 (Excoffier et al. 2005) , with 1000 repetitions and confidence intervals based on 20 000 repetitions to assess the proportion of variation found between individuals within populations, followed by intra-population variation. The software STRUC-TURE v. 2.2 (Pritchard et al. 2000) was used to assess genetic structure. STRUCTURE employs a modelbased Bayesian analysis to cluster groups, performed as an assignment test. Previous runs were analyzed in order to determine the number of burn-in chains and MCMC that maximize the result's posterior likelihood. To determine the optimal number of clusters (K ) we used the ΔK test proposed by Evanno et al. (2005) which is based on the log likelihood obtained for each K. We used the program BAPS v. 3.1 (Corander et al. 2003) to estimate the posterior probabilities for the number of populations, the proportion of individuals among the inferred populations, and the relative frequency of alleles.
To see if we could detect signatures of a population bottleneck, we used the program BOTTLENECK (Piry et al. 1999) , which tests for heterozygote excess as compared with that expected under mutation− drift equilibrium. First, we used a qualitative approach in the form of an allele frequency distribution test. If any deviation is observed from the normal L-shaped allele frequency distribution, a bottleneck may be suspected. We then used a quantitative approach based on the principle that the allelic diversity in a population decreases faster than heterozygosity after passing through a bottleneck, resulting in a relative excess of heterozygotes (Cornuet & Luikart 1996) . The significance of observed deviations was determined by a 2-tailed Wilcoxon signed-rank test (Luikart & Cornuet 1998) , under the 2-phase mutation (TPM) model, with 30% of mutations explained by the step-wise mutation model (SMM) because it has been suggested to be the most suitable for microsatellites (Luikart & Cornuet 1998) .
RESULTS
We collected a total of 79 fecal samples from all of our sampling sites ( Fig. 1) : Real de Minas Viejas/Villaldama (n = 4), Picachos (n = 29), Linares (n = 6), Santa Catarina (n = 4), Sierra del Burro (n = 15), and Sierra del Carmen (n = 21). We also collected 47 hair samples from 3 different sites: Santa Catarina (n = 21 from 5 different traps), Sierra del Burro (n = 12 from 4 different traps), and Real de Minas Viejas/Villaldama (n = 14 from 4 different traps). In total, we collected 126 samples and were able to identify 64 individuals with a cumulative P ID of (1.6−2.3) × 10 −6 and P ID (sibs) of (3.9−5.2) × 10 −3
. The total number of identified individuals per site was: Real de Minas Viejas/Villaldama (n = 8), Picachos (n = 17), Linares (n = 4), Santa Catarina (n = 9), Sierra del Burro (n = 13), and Sierra del Carmen (n = 13). Estimates of genotyping errors from multiple replicates of black bear fecal and hair samples resulted in the detection of only 3 cases of ADO, one at Real de Minas Viejas/Villaldama (locus UamA107), and 2 at Sierra del Burro (locus UamB103 and locus UamD113; Table 1 ), and a low index of FAs in Picacho (0.02). In addition, we discarded samples that had incomplete genotypes in order to avoid problems associated with missing data, so the 64 individuals were identified only using samples that had complete genotypes. In the cases where we had multiple samples with the same genotype (i.e. some hair samples were recaptures of the same individual), only the consensus genotype was used for the genetic analysis. We found a total of 31 alleles for the 10 nuclear microsatellite loci when the 64 individual bear samples identified in this study from all of the sites were pooled. All loci were polymorphic, ranging from 2 to 3 alleles per locus for all populations. Exact tests revealed that 5 of the 7 populations were in HWE (p > 0.05) after Bonferroni correction for multiple comparisons, but 2 populations (Real de Minas/ Villaldama and Santa Catarina) showed deviation from HWE due to heterozygote deficiency (Table 1) . None of the significant tests clustered around a specific locus. None of the tests for linkage disequilibrium was significant at the 0.05 level with a sequential Bonferroni correction. MICROCHECKER soft ware did not detect the presence of null alleles. We estimated the probability of a random match between unrelated individuals for all multi-locus genotypes (P ID unbiased = [2.2−3.0] × 10 ). Both parameters were low, suggesting that our selected panel of microsatellite loci had adequate power to differentiate between individuals.
Allelic richness estimated through rarefaction resulted in 1.8 to 2.2 mean alleles per population, with a mean ± SD genetic diversity of 0.095 ± 0.004 (Table 1 Table 2 ). Sierra del Carmen and Linares showed significant levels of genetic differentiation (0.41), and Sierra del Burro and Sierra del Carmen showed the lowest level of differentiation (0.02). These data suggest that moderate levels of gene flow have occurred among some of the populations (e.g. Sierra del Burro/Sierra del Carmen). However, Sierra del Carmen and Sierra del Burro were also the populations that showed the highest nuclear genetic differentiation compared to the other populations. Mantel tests in FSTAT did not detect a significant correlation between geographic and genetic distance measures (r = 0.326, p > 0.05) among the sampled populations.
AMOVA results showed that the highest proportion of variation occurred between individuals within populations (82.7), followed by intra-population variation (12.2; Table 3 ). Fixation indices support the presence of genetic structure among populations (φ ST = 0.315, p < 0.05), and inbreeding within them (φ IS = 0.143, φ IT = 0.318, p < 0.05; Table 3 ). A signature of fine-scale population genetic structuring was detected using the Bayesian cluster approach. In the STRUCTURE analysis, the probability of the data, Pr(X|K) was highest for K = 3, suggesting that the sampled black bear sites most likely represent 3 defined genetic clusters. This test assigned individuals from Sierra del Burro/Sierra del Carmen to 1 well differentiated cluster; Picacho, Linares, and Santa Catarina to a second more admixed cluster; and Villaldama to a third genetic cluster. Most of the sampled black bears were assigned to their original sampled sites, but some individuals exhibited genotypes that may have originated outside of their sampled sites, suggesting some degree of movement or admixture (Fig. 2) .
The BOTTLENECK analysis revealed that the allele frequency distribution of our black bear populations was normal (L-shaped) and there was no significant deviation in heterozygosity (p > 0.5) from mutation-drift equilibrium using the 2-tailed Wilcoxon signed-rank test under the TPM model and the SMM (p > 0.05).
DISCUSSION
Black bears are typically solitary animals, with low densities in their distributional ranges (Hellgren et al. 2005) . Individuals are distributed in a scattered fashion throughout their habitat, so that there may be large distances between them. Our samples from black bears in 6 different sites in northeastern Mexico are an adequate representative subsample with which to assess levels of genetic variability of black bears in the area. The patterns of genetic variability in the populations of northeastern Mexico followed those found in other genetic studies of black bears (Triant et al. 2004 , Onorato et al. 2007 , Costello et al. 2008 , Pelletier et al. 2011 . The overall mean levels of genetic diversity in our study were similar to those found in Louisiana, USA (Triant et al. 2004) , and lower than those found in western Texas and northern Mexico, where we share 2 identical localities (Sierra del Burro and Sierra del Carmen; Onorato et al. 2007) . However, if we analyze these 2 localities separately from the rest of our study area, we also find that these areas have the highest genetic diversity and support the results proposed by Onorato et al. (2007) . Our findings suggest a minimal continuous connectivity among those sites sampled where topographic barriers to gene flow seem to be weakest. We found 2 localities (Real de Minas Viejas/Villaldama and Santa Catarina) out of HWE due to an observed heterozygosity deficiency. Both localities are close to the urban area of Monterrey, where black bears are frequently observed; however, we can find a stable black bear population in these localities, similar to other areas of its distribution (Beckmann & Lackey 2008) . Another possible explanation for the deficit of heterozygotes is the occurrence of null alleles (with low levels of ADO and the Villaldama locality out of HWE), which fail to amplify due to the mutational rate of the microsatellite. Null alleles have been reported in black bear populations (Paet kau & Strobeck 1995 , Triant et al. 2004 ), but expected frequencies of null alleles are relatively low and not significant enough to affect our estimates of genetic variability (Triant et al. 2004) . Our MICRO -CHECKER results did not show the presence of null alleles in any of our 10 microsatellite loci, so this seems to be an unlikely explanation for the deficit of heterozygotes in the present study. Non-random mating caused by spatial clustering of related individuals could lead to inbreeding and homozygote excess in the population. Black bears are characterized by female philopatry and male-biased dispersal. In a previous study, relatedness and paternity of black bear populations of western Texas and northern Mexico indicated no potential inbreeding because of the continuous genetic supplementation facilitated by the high dispersal rates of adult males (Onorato et al. 2004) .
Our results also show a significant degree of genetic differentiation between the populations in northeastern Coahuila (Sierra del Burro/Sierra del Carmen) and the rest of the localities. Studies in western Texas and northern Mexico showed the possibility of an episodic gene flow via desert corridors between Coahuila and the rest of the localities, resulting in moderate levels of genetic structuring (Onorato et al. 2007 , Atwood et al. 2011 . We found that Sierra del Carmen and Sierra del Burro are not genetically subdivided, and our results suggest that there are high levels of genetic connectivity between them. In contrast, the rest of the localities in the southeastern part of Nuevo León show null genetic structure, with some genetic connectivity. Southeastern localities in Nuevo Léon, however, are under the influence of more intense anthropogenic development (such as urban and industrial areas), impeding the panmictic movements of black bears. Previous results suggested a negative effect of anthropogenic influences such as road density and vehicular traffic on the population dynamics of black bears (Hostetler et al. 2009 ). Fixation indices are high and support the observed patterns of genetic structure which are similar to those found in 2 distinct populations 185 Fig. 2 . Genetic structure of 3 clusters (K = 3, shown by different colors). Seventy percent of black bear Ursus americanus individuals were admixed, and most individuals from Sierra del Burro and Sierra del Carmen clustered together (shown in red). Numbers represent localities 1) Real de Minas Viejas/Villaldama, 2) Sierra de Picachos, 3) Linares, 4) Santa Catarina, 5) Sierra del Burro, and 6) Sierra del Carmen of Louisiana, USA (Triant et al. 2004) . Despite the fact that we used the same nuclear markers, each sampled area has unique geographic differences and species life history. Several studies have assessed genetic variation in natural black bear populations throughout their distributional range (Triant et al. 2004 , Onorato et al. 2007 , Costello et al. 2008 , Pelletier et al. 2011 , and 4 have studied black bear populations of the southern USA and northern Mexico (Onorato et al. 2004 , Costello et al. 2008 , Varas-Nelson 2010 . In general, populations from the southern USA exhibited much lower levels of genetic variation than populations found in northern Mexico (Onorato et al. 2007 , Varas-Nelson 2010 . Apparently, these high levels of genetic variation in northern Mexico are due to the high dispersal rate of populations coming from western Texas and not from populations from southern Arizona or New Mexico which are restricted to the 'sky island' habitat, with less mobility among individuals (VarasNelson 2010). Our findings resulted in 3 well-structured demes, one in western Coahuila that corresponds to the previously studied populations in Mexico (Onorato et al. 2007 ) and potentially has high genetic exchangeability with the populations of western Texas; and 2 populations in Nuevo León (one at Villaldama and another that includes Picacho, Linares, and Santa Catarina) with less microsatellite diversity and a low number of samples. Genetic differentiation between these 2 demes probably reflects the relationship of anthropogenic factors such as the urban areas, cultivated areas, and geographical barriers such as the Sierra Madre Oriental. The low levels of genetic diversity that we found in black bear populations from Nuevo León are not surprising given their patchy distribution and the fact that they do not have the same level of protection as the populations from western Coahuila (CONANP 2012).
In support of our predictions of restricted gene flow in Nuevo León populations, recent data in the urban area of Monterrey have shown that individual black bears can move long distances (> 20 km) between the different mountain areas surrounding the city (CONANP 2010). Such movements crossing urban areas may be attributed to a lack of resources, such as food and water in their usual suitable habitat (Sierra Corona et al. 2005) . Previous results suggest that landscape may play an important role in establishing the population structure of the black bear in its distributional range (Short Bull et al. 2011 ). Our population comparisons among localities of Nuevo León suggested low levels of genetic differentiation, especially between localities which are separated by only a few kilometers, such as Real de Minas Viejas and Picachos, situated on the flanks of the mountains with no notable geographical barrier between them. On the other hand, populations from western Coahuila presented high pairwise differentiation compared to the localities of Nuevo León.
Our results have implications for the conservation and management of black bears in northeastern Mexico. Ursus americanus is arguably one of the most threatened mammals in northern Mexico. It is thought to be threatened primarily by habitat destruction and by anthropogenic activities. In Mexico, the black bear is listed as an endangered species (CONANP 2010) and is considered vulnerable throughout its distributional range (Ceballos et al. 2002) . In the USA, field assessments in the south suggest that black bears are restricted to patchy habitats (Varas-Nelson 2010) . This distribution suggests that populations may have a high probability of local extinction. U. americanus can be fairly common in western Coahuila, but the well-vegetated areas are generally restricted to the protected areas inhabited by the species. Additional research is needed to assess the extent to which individuals move between the relatively discrete patches of high-quality habitat in localities with more anthropogenic pressure, such as sites in Nuevo León.
Our data indicate that black bears form at least 3 distinct genetic clusters in northeastern Mexico. Furthermore, gene flow appears to be low among populations, with nearly all having different microsatellite frequencies. These populations may respond differently to environmental changes and should be considered distinct management units (Moritz 1994) . Genetic evidence suggests that black bear populations of Nuevo León have lower levels of genetic variability and genetic connectivity compared with the populations of western Coahuila.
In conclusion, the use of microsatellite markers applied to non-invasive sampling was highly informative for understanding the patterns of genetic structure of black bear populations in northeastern Mexico. This work detected important levels of genetic differentiation among populations of western Coahuila and Nuevo León. 
